In determining the relationship between the rational event mean concentration (REMC) which is a volume-weighted mean of event mean concentrations (EMCs) as a non-point source (NPS) pollution indicator and the green factor (GF) as a low impact development (LID) land use planning indicator, we constructed at runoff database containing 1483 rainfall events collected from 107 different experimental catchments from 19 references in Korea. The collected data showed that EMCs were not correlated with storm factors whereas they showed significant differences according to the land use types. The calculated REMCs for BOD, COD, TSS, TN, and TP showed negative correlations with the GFs. However, even though the GFs of the agricultural area were concentrated in values of 80 like the green areas, the REMCs for TSS, TN, and TP were especially high. There were few differences in REMC runoff characteristics according to the GFs such as recreational facilities areas in suburbs and highways and trunk roads that connect to major roads between major cities. Except for those areas, the REMCs for BOD and COD were significantly related to the GFs. The REMCs for BOD and COD decreased when the rate of natural green area increased. On the other hand, some of the REMCs for TSS, TN, and TP were still high where the catchments encountered mixed land use patterns, especially public facility areas with bare ground and artificial grassland areas. The GF could therefore be used as a major planning indicator when establishing land use planning aimed at sustainable development with NPS management in urban areas if the weighted GF values will be improved.
INTRODUCTION
Through urban population concentration, urbanization has aggravated environmental quality over the past few centuries. The ever increasing impervious surface areas produced by urbanization cause increasing non-point source (NPS) pollution in Korea. NPS pollution makes up about 69.3% on average of the total pollution loads discharged from 4 major watersheds in 2010. NPS pollution is difficult to control and analyze its runoff characteristic because the pollutants are generated and diffused everywhere. This is referred to as the uncertainty of NPS pollution. Numerous researches have been conducted in the field of monitoring data collection (Kim and Lee 2005; Lee et al. 2010 Lee et al. , 2012 , runoff characteristic analysis (Kim et al. 2003; Lee et al. 2011b ) and NPS pollution influence factors (Park and Park 2004; Yoon et al. 2010; Lee et al. 2012 ) in many cities of Korea to reduce the uncertainty of NPS pollution. Low impact development (LID) has been recently introduced in Korea. LID is a sustainable development concept to reduce surface runoff and NPS pollution through preliminary land use planning using natural green cover to match pre-development conditions (PGC 1999; Coffman 2002) .
From the urban planning field viewpoint rapid urbanization brings with it increasing impervious areas that replace natural land. The development scale and its limitations were only regulated by planning indicators that do not consider environmental quality. Urban planning began to consider environmental quality when the sustainable development concept was introduced (Choi and Kwan 2009) . A green factor (GF), one of the planning indicators, was established as a means of planning sustainable development to solve urban ecological problems (Kim et al. 2006) . The existing related indicators are the Biotope flaechen faktor (BFF, Berlin), the Seattle green factor (SGF, Seattle), and the Green area factor (GAF, Malmo). These indicators are similar in the sense that they apply weights for calculating the area and express a percentage of land area. The GF value application standard for land use planning already exists in the city of Seoul (Kim and Moon 2004) . The main aim of using the GF was to secure a certain amount of green cover and minimize sealed or paved surfaces (Kim et al. 2006) . However, the ecological and environmental effect of the GF is under investigation.
This research was conducted to determine a relationship between the NPS pollution and GF for sustainable NPS management using LID land use planning. The objectives of this research were (1) to examine the runoff characteristics of NPS pollution according to the storm factors and land use; and (2) to come up with a correlation between the GF and NPS pollution.
MATERIALS AND METHODS

Data Collection
The Korean runoff database was built in this research before analyzing the storm runoff characteristics of NPS pollution. Observed runoff data were collected from original sources citations published in referred journals, research reports and theses from 2001 -2012. In total, 107 study sites were included in the database. Figure 1 shows the distribution of monitored sites in the four major rivers of Korea. Sixty-seven sites were in the Han-river watershed; 21 in the Nakdong-river watershed; 13 in the Geum-river watershed; and 6 in the Youngsan-river watershed.
The land use of these sites were classified using 9 types of land use, such as agriculture, grassland, forest, traffic, residential, industrial, business, recreational facilities and public facilities areas according to the land cover classification standard made by the Ministry of Environment (MOE). The monitored runoff data classified by land use types are briefly presented in Table 1 .
Runoff data from 1483 rainfall events were collected from 107 different monitored sites from the 19 references in the database. The collected runoff data were monitored in each rainfall event that occurred from May to September. Each rainfall event differed in storm factors, such as total rainfall, average rainfall intensity, duration time, and antecedent dry day (ADD). Sampling data were collected from the catchment outlet beginning at storm water runoff initiation and ending when each storm event stopped. Five indicators (e.g., TSS, BOD, COD, TN, and TP) were determined for data analysis.
Data Analyses
An event mean concentration (EMC) was selected as the predominant method for reporting runoff event water quality to determine the representative pollutant concentration from the hourly pollutant concentration data variation from the selected publications (Charbeneau and Barrett 1998) . The EMC referred to the weighted EMCs calculated to estimate the NPS pollution runoff characteristics using storm factors. The EMC can be computed as the total pollutant mass divided by the total runoff volume in event duration. The EMC calculation method is shown in Eq. (1).
where EMC is the event mean concentration; M is a total pollutant mass in an event (g); V is the total runoff volume (m is the runoff flow rate discharged at time t (m 3 min -1 ). Determining the representative pollutant concentration from the land use is potentially problematic because one set of land use data is coupled with a variety of EMC values. The most commonly used method to estimate the central EMC distribution value is the site mean concentration (SMC) computed as the arithmetic mean of the EMCs. However, the minimum number of EMCs and their statistical distribution are required to find a reliable SMC as a representative mean value (Mourad et al. 2005) .
The rational event mean concentration (REMC) which is similar to the EMC calculation method was selected in this research as shown in Eq. (2).
where REMC is the regional event mean concentration; M(i) is the total pollutant mass (g) of the ith storm event; V(i) is the total volume (m 3 ) of ith storm event; I is the total number of EMCs at one specific site. REMC is a volume-weighted EMC mean for one specific site for different storm runoff volumes. This is a valid approach where a significant correlation exists between the EMC and runoff volume (Mourad et al. 2005 ) and produces the most accurate long-term load estimates (May and Sivakumar 2012) .
GF
The GF was basically calculated as the ratio of the surface area, which has a natural circulation function, to the whole catchment area. The MOE has provided criteria to distinguish the types of land cover and weights by establishing guidelines for GF estimation (MOE 2011) . The detailed computation method process for GF using land use data from 107 sites is as follows. A detailed land cover data is first extracted utilizing aerial images after classifying the land use type for the target catchment using the existing land use map. It is then classified using the natural green area and artificial surface area. The artificial surface area was multiplied by the green weighted value, and added with the natural green area. The GF is finally calculated as this combined area divided by the total catchment area, shown as the following Eq. (3).
where, GF is a green factor; TCA is the total catchment area (m 2 ); NGA is the natural green area covered by vegetation with natural soil (m 2 ); ASA(j) is the j land cover type for the artificial surface area (m 2 ); Wv (j) is the j type of green weighted value. This weighted value is assigned to different surface types varying from 0 for paved impervious areas to 1 for naturally vegetated areas in contact with ground water. The calculated GF has a range of 0 -100 in a certain catchment area. Table 2 is a summary of the green weighted values applied using land cover type in this research.
The GF computation result for the residential area experimental site is shown in Table 3 . We compared the GF with the green area rate (GAR) and the pervious area rate (PAR) to describe the GF value characteristics. The computed GF, GAR, and PAR were 16.9, 15.7, and 21.1, respectively. The GAR can be calculated as the percentage of the natural and artificial green areas in the total catchment area. The PAR, which is the opposite meaning of impervious area rate, is the percentage of permeable cover area. The GF can distinguish between the natural green area runoff characteristics from the artificial green area in comparison with the GAR. The GF compared with the PAR can characterize the runoff of paved areas from that of bare ground areas.
RESULTS AND DISCUSSION
Characteristics of Storm Factors and EMCs
Statistical analysis for storm factors and water quality Table 5 . No correlation between storm factors and EMCs were found. In the case of storm factors, total rainfall has a correlation with duration time (correlation coefficient = 0.558, p-value < 0.01). There is a significant correlation between BOD and COD of EMCs (correlation coefficient = 0.635, p-value < 0.01). This
Land cover type Green weighted value
Paved cover with artificial soil (e.g., buildings, roads, parking lots etc.) 0
Natural soil without vegetation (e.g., barrens, fields, and playgrounds etc.) 0.3
Vegetated cover with artificial soil (e.g., golf courses, cemetery parks, and upper structure of underground parking lots) 0.7
Agricultural land cover (e.g., paddy and upland fields) 0.8
Vegetated cover with natural soil (e.g., natural forest and green areas) 1
Water with natural soil 1 Table 2 . Green weighted value according to land cover type.
Note: Source: MOE (2011).
Experimental site description Green area rate (GAR) Pervious area rate (PAR) Green factor (GF)
Residential area: 29600 m result is different from that found by other researchers who reported rainfall amounts, rainfall intensity and ADD were significantly correlated with various pollutant parameters (Yoon et al. 2010; Lee et al. 2012 ). This could be caused by the uncertainties of NPS pollutant runoff because of the differences in the total number of monitoring data or the differences in pollutant build-up and wash-off features on various types of land surfaces (Ha and Lee 2008) . It is necessary that storm factors and also land use or land cover be considered to reveal the runoff characteristics of NPS pollutants.
EMCs of Different Land Use Types
The EMCs of nine land use types were compared to investigate the NPS pollution of different land use types, as shown in Fig. 2 . From the box chart, we can deduce that the pollutant concentrations in the runoff are significantly different for different land use types.
There are lots of human activities and heavy traffic in urbanized areas. For that reason the EMCs of the whole pollutant constituents diffused from urbanized areas such as public and recreational facilities areas, industrial areas, traffic areas, business and residential areas were higher than those from grassland and forest areas. The reason for the lower EMCs in grassland and forest areas is due mainly to the vegetated coverage which has pollutant retention ability. The EMCs of TSS, TN, and TP in agricultural areas were significantly high. There are lots of sediments and manure or compost fertilized on the surface, especially in cultivated upland, and these sediments are then discharged when rainfall occurs.
GF and REMC
The GF and REMC were calculated to analyze the runoff water quality according to the land use characteristics using the runoff database. The GF has a statistical data conversion characteristic from categorical land use data to the continuous data for analysis of the relationship between NPS pollution and land use. The GF was computed using Eq. (3) as a representative land use value for each site. The calculated GFs distribution is skewed to both sides, especially the ranges 0 -20, 70 -80, and 90 -100 of GFs are high frequency as shown in Fig. 3 , because many existing researchers were focused on NPS runoff monitoring in a single land use category as well as the high rate of paved urban, agricultural, and forest areas in Korea.
In terms of Korean urban planning, land use types in the urban planning area can be divided into urban and nonurban areas. Residential, business, industrial, traffic, public, and recreational facility areas and green areas as well as forest areas as a green area for conservation can be included with the urban area. Agricultural areas can be included in non-urban areas. Figure 4 shows the calculated REMCs for BOD, COD, TSS, TN, and TP according to the GFs using Eq. (3). As the GF value increased, which means that natural green area increased, the REMCs of the whole pollutant constituents conversely tended to decrease in the urban area. Even though the GFs of the agricultural area are concentrated in the value of 80 like a green area, the REMCs of TSS, TN, and TP are especially high. The main reason is that the greater the cultivated area rate is increases, the higher the concentrations of contaminants such as sediments, nitrogen, and phosphorous discharged (Kim et al. 2003) . Moreover, there is little difference in REMC runoff characteristics according to the GFs in some parts of the urban areas such as recreational facilities in suburbs and highways and trunk roads which are connecting roads between major cities. These recreational facilities which are about 60 -70 of the GF values have a high rate of natural land conditions. However, the REMCs for BOD and COD are relatively high due to a large transient population. On the other hand, although highways and trunk roads have 0 -10 of GFs as the typical paved areas, the REMCs are relatively low because the pollutant source is only an accumulated non-point source pollutant on the roads in the non-urbanized environment. 
Relationship Between GF and REMC
The relationships between the GFs and REMCs in urbanized areas except for agricultural area, recreational facilities and certain parts of traffic areas such as highways and trunk roads were analyzed. Regression analysis was performed to provide a functional relationship between the GF and REMC (Table 6 ). The power regression model was the most suitable to illustrate their relationships. Figure 5 shows the regression analysis results in urban areas. The REMCs for BOD and COD are significantly related with the GFs. The r-squared values are 0.81 and 0.56 respectively (Fig. 5) . The REMCs for BOD and COD have the characteristic that their concentrations decrease when (a) (b)
the rate of natural green area is increased. The relationships between the GFs and REMCs for TSS, TN, and TP are shown in Table 5 . These constituents show negative correlations with the GF when the catchments have a single land use pattern, e.g., a road, a parking lot, a grassland, and forest area. However, some of the REMCs for TSS, TN, and TP are abnormally high as outliers where the catchments have a mixed land use pattern, especially public facilities such as education and park facilities which have some bare ground and artificial grassland areas such as golf courses and cemetery parks. They are required to manage the NPS pollution using natural soil with green areas. Therefore, the public facilities that have point source and open space should apply the LID technique for rainfall runoff and NPS reduction in urban areas.
CONCLUSIONS
NPS pollution using land use change should be predictable for sustainable land use planning and NPS management. A quantification indicator (e.g., GF) lends scientific objectivity to the NPS control effect (e.g., REMC) when establishing land use planning in urban areas. This research was conducted to find a relationship between the REMC as a NPS pollution indicator for sustainable NPS management and GF as a land use planning indicator for sustainable development. The established Korean runoff database for analyzing this relation contains 1483 rainfall events with storm factors and water quality constituents collected from 107 different experimental catchments in various references.
The statistical analysis result for storm factors and water quality constituents shows a high variability and these whole sets of data have a positive skewed distribution, and are more peaked than the normal distribution. Significant correlations between storm factors and EMCs for NPS pollutants were not found. It should be difficult to control NPS pollution using storm factors. The EMCs of the whole pollutant constituents diffused from urbanized area were higher than those from grassland and forest areas. The EMCs in agricultural areas were significantly high because there are lots of sediments and manure, especially in the cultivated upland. The GF and REMC were calculated to analyze the runoff water quality according to the land use characteristic in the 107 runoff database sites. The calculated GFs distribution is skewed to the ranges 0 -20, 70 -80, and 90 -100 of GFs because many existing researchers were focused on NPS runoff monitoring in single land use areas as well as the high rate of paved urban, agricultural, and forest areas in Korea. The REMCs for BOD and COD have a significantly negative relation with the GFs in urban areas. However, some of the REMCs for TSS, TN, and TP were abnormally high where the catchments have mixed land use patterns, especially public facilities such as education and park facilities which have some bare ground and artificial grassland areas such as golf courses and cemetery parks.
From the results of this research the GF can be used as a major planning indicator when establishing land use planning aimed at sustainable development with NPS management in urban areas. Furthermore, the GF might be one of the LID application standards for public facilities if the weighted values will be improved because the NPS runoff characteristics are not applied to the existing green weighted GF values.
